The tumour, node, metastasis (TNM) classification is a universal cancer staging system, which has been used for five decades. The current seventh edition became effective in 2010 and covers six ophthalmic sites: eyelids, conjunctiva, uvea, retina, orbit, and lacrimal gland; and five cancer types: carcinoma, sarcoma, melanoma, retinoblastoma, and lymphoma. The TNM categories are based on the anatomic extent of the primary tumour (T), regional lymph node metastases (N), and systemic metastases (M). The T categories of ophthalmic cancers are based on the size of the primary tumour and any invasion of periocular structures. The anatomic category is used to determine the TNM stage that correlates with survival. Such staging is currently implemented only for carcinoma of the eyelid and melanoma of the uvea. The classification of ciliary body and choroidal melanoma is the only one based on clinical evidence so far: a database of 7369 patients analysed by the European Ophthalmic Oncology Group. It spans a prognosis from 96% 5-year survival for stage I to 97% 5-year mortality for stage IV. The most accurate criterion for prognostication in uveal melanoma is, however, analysis of chromosomal alterations and gene expression. When such data are available, the TNM stage may be used for further stratification. Prognosis in retinoblastoma is frequently assigned by using an international classification, which predicts conservation of the eye and vision, and an international staging separate from the TNM system, which predicts survival. The TNM cancer staging manual is a useful tool for all ophthalmologists managing eye cancer. Keywords: conjunctival malignancies; eyelid malignancies; orbital malignances; retinoblastoma; uveal melanoma
The tumour, node, metastasis (TNM) classification is a cancer staging system, which has been in worldwide use across all medical specialties for five decades. 1 It emerged in 1968 when the International Union Against Cancer published the first edition of its classification based on the anatomic extent of the tumour after testing a set of draft classifications for 23 cancer sites. None of these sites related to the eye.
Indeed, eye cancer is a latecomer in the TNM classification, appearing for the first time in the fourth and fifth editions. 2 The first ophthalmic section covered six sites and five cancer types-carcinoma and melanoma of the eyelid and conjunctiva, melanoma of the uvea, retinoblastoma, sarcoma of the orbit, and carcinoma of the lacrimal gland-but these classifications were untested and were rarely used outside cancer registries.
The ophthalmic section was revised for the sixth edition of TNM in 2002. 3 This edition was based on the published literature, but the classifications were not tested against clinical data. The revision received publicity 4 but did not make a breakthrough. Meanwhile, data were collected of other cancers to improve staging. For the updated TNM classification of cutaneous melanoma, data from over 20 000 patients eventually were analysed to create a system that best separated patients according to survival. 5 When drafting of the current seventh edition of TNM commenced, the American Joint Committee on Cancer (AJCC) appointed an International Ophthalmic Oncology Task Force and charged it with writing a revision based on published and acquired evidence. 6 The ophthalmic section became the most extensively edited one. Among other improvements, it added a chapter on adnexal lymphoma 7 and based the classification of uveal melanoma on a large collaborative database. 8 The thoroughly revised seventh TNM edition is a useful tool for every ophthalmologist managing eye cancer. 6 The first step: anatomic TNM categories
The TNM system is based on the anatomic extent of the tumour as determined clinically and, in most instances, histopathologically. 1,9 A notable exception is uveal melanoma, because this tumour is mostly treated nonsurgically. This principle reflects a desire to have a basic concept that is applicable to all cancer sites, irrespective of the selected treatment. Although the anatomic extent has lost some of its significance as an indicator of prognosis, it remains crucial in the planning of treatment and evaluation of outcomes.
The T categories refer to the primary tumour and always number four (T1-T4). They may have subcategories indicated with a small letter postfix (eg, T1a). Non-invasive in situ tumours can be indicated with Tis. The N categories refer to regional lymph node metastases: N0 indicates none, whereas N1 (or, in specific sites, a higher N category) denotes regional metastasis. The M categories refer to systemic metastasis: M0 and M1 indicate absence and presence of dissemination, respectively. No higher M categories are used, but subcategories indicated with postfixes can be added.
Ideally, every tumour would be confirmed by histopathology to yield an updated pTNM category. If the classification is based on clinical data, the prefix c can be added for clarity (eg, cT1N0M0). The TNM system also has extensions, which allow, for example, recording of multiple, residual, and recurrent tumours.
The second step: TNM stages
In addition to anatomic tumour categories, most sites and tumour types also have a TNM staging system. 1, 9 The stage is assigned only once the anatomic extent of the tumour has been determined. Each stage aims to be homogeneous with respect to survival probability and as different from other stages as possible. Stages I to III correspond to progressively higher mortality from localised and regional cancer. Stage IV is equivalent to systemic metastases. Each stage can be expanded with subcategories, this time with capital letter postfixes (eg, IIA).
If a staging system is implemented, survival should be analysed according to TNM stages rather than the underlying anatomic categories, which are less likely to correlate with prognosis, especially when expanded with subcategories. This is a concept that neophytes to using TNM quite often miss.
Ophthalmic sites in the current TNM classification
The current, seventh edition of the TNM maintains the original six ophthalmic sites: eyelids, conjunctiva, uvea, retina, orbit, and lacrimal gland, and four cancer types, carcinoma, melanoma, retinoblastoma, and lymphoma (Table 1) . 9 The chapter on ocular adnexal lymphoma covers three of these sites. 7 A staging system is implemented for carcinoma of the eyelid and melanoma of the uvea.
Carcinoma and sarcoma of the eyelids, conjunctiva, lacrimal gland, and orbit
The three classifications for periocular carcinoma (Figures 1a and b) 10, 11 and the one for orbital sarcoma are based on the size of the primary tumour and invasion of adjacent structures (Table 2 ). 9 They have yet to be validated by clinical studies.
Uveal melanoma
Depending on the centre, the selected treatment and the preferences of the managing ophthalmologist and patient, prognostication of uveal melanoma may be based on clinical findings alone or also on histopathological and genetic features. 12 
Prognosis of the primary tumour
Clinical prognostication The TNM classification of ciliary body and choroidal melanoma is based on a collaborative analysis by the European Ophthalmic Oncology Group, which included baseline and survival data of 7369 patients, randomly divided into a building and a validation data set. 8 The classification of iris melanoma 13 was not revised because of insufficient data. Uveal melanoma metastasises haematogenously unless it invades the conjunctiva, in which case it can spread to regional lymph nodes, albeit extremely rarely. The classification is consequently based on the extent of the primary tumour and on the presence of any systemic metastases. 9 The T category is based on tumour size (Figures 1c and  d) . The appropriate size category corresponding to small (T1), medium-sized (T2), large (T3), or very large (T4, a new category) melanoma is read from a table composed of 3 Â 3 mm 2 blocks of tumour thickness and largest basal diameter (Figure 2a ). The blocks have been grouped according to survival probability. One of five subcategories (a-e) is determined according to the presence or absence of ciliary body and extraocular extension (Table 3) . Extraocular extension is further categorised based on its size (Figure 1d ).
The evidence-based revision of the anatomic classification made the size categories more equally sized than what they were in previous editions. Notably, tumour thickness in the group of small (T1) tumours can now be up to 6 mm instead of 2.5-3.0 mm in the previous editions, provided that largest basal diameter of the tumour does not exceed 9.0 mm ( Figure 1c) . Nevertheless, the 10-year Kaplan-Meier estimate of survival for T1 melanomas is 89%. 8 The new edition also makes more efficient use of ciliary body and extraocular extension than what was the case with previous editions. 14 Staging for uveal melanoma has been implemented. 9 The 17 anatomic categories are rearranged into six stage categories and subcategories I, IIA-B, and IIIA-C (Table 3) . A seventh category, stage IV, corresponds to systemic metastases as mentioned. Each stage includes anatomic categories that have the most similar prognosis. The stages span prognosis from 96% 5-year survival for stage I to 97% 5-year mortality for stage IV (Figure 2b ). 8 Histopathological prognostication The time-honoured histopathological feature associated with prognosis of uveal melanoma is its cell type. 15 Although a strong prognostic indicator, ophthalmic pathologists are notoriously discordant in assigning cell type, and over time the categories used have collapsed from five to three. Today, some ophthalmic pathologists simply divide tumours into those with or without epithelioid cells, the former having a worse prognosis.
Cell type is the only histopathological feature that the TNM system uses for grading uveal melanomas. 9 It has retained the division into spindle, epithelioid, and mixed-cell-type melanomas (the latter is defined as having more than 10% of the less abundant cell type). However, the TNM system now encourages recording of additional histopathological data, which might be used in future editions. These include the mitotic count, 16 the mean diameter of the 10 largest nucleoli, 17, 18 extravascular matrix patterns, 19, 20 and microvascular density. [21] [22] [23] Genetic prognostication Genetic analysis provides the single best estimate for the risk of metastasis from uveal melanoma. 12, 24, 25 Such an analysis can be performed by charting chromosomal alternations 26, 27 or by gene expression profiling. 24, 25, 28 The latest TNM edition encourages recording of genetic features. 9 A major breakthrough was the observation that many uveal melanomas lack one copy of chromosome 3, and that these monosomic tumours are usually those that metastatise. 29, 30 Simple determination of monosomy 3 is inaccurate, however, because the chromosomal defect can be masked by: (1) duplication of the remaining copy to produce isodisomy (both chromosomes then derive from the same parent); (2) partial chromosomal deletion, which can be missed by some methods; and (3) modulation of the risk of metastasis by other choromsomal errors, such as 6p gain and 8q gain. [31] [32] [33] At present, the method of choice for initial chromosomal analysis is multiple ligation probe amplification (MLPA), which probes multiple loci across several chromosomes. [31] [32] [33] [34] If the result contradicts the histopathological grade, reanalysis with methods such as complete genomic hybridization is advisable. 31, 33 Advantages of MLPA include low cost and data obtained simultaneously from several chromosomes other than chromosome 3. A disadvantage is that the technique needs to be validated individually for each laboratory. Currently, MLPA as a service is available from the Liverpool Ocular Oncology Centre (Liverpool, UK).
Gene expression profiling aims to divide uveal melanomas into two types, class 1, which does not metastasise or does so only rarely, and class 2, which typically metastasises. 24, 25 The profiling is based on the analysis of tumour RNA, and unlike chromosomal alterations, which can vary within a tumour, the expression profile is claimed to be uniform throughout the tumour. Gene expression profiling is available as a commercial, internally validated service from Castle Biosciences Inc. (Friendswood, TX, USA). An advantage of this technique is that it needs a smaller amount of 36 suggesting a need for refining the classification. Analysis of very long-term survival data show that metastases of uveal melanoma can remain occult for three decades after enucleation of the primary tumour. 37 Metastatic disease remains the single leading cause of death over time. Statistical evidence is not sufficient ever to reassure patients with confidence that they are cured. 37 Does this mean that all patients with a class 2 uveal melanoma, or an equivalent MLPA profile, ultimately die of metastases? In the data set used to construct the current TNM classification, the Kaplan-Meier estimates of 15-year mortality from metastatic melanoma were 19, 31, 42, 66, and 82% for stages I-IIIB, respectively. 8 The corresponding percentages of tumours assigned to class 2, calculated from the T categories published in the prospective validation study, 36 are 19, 31, 41, 52 and 82%. These two series of figures are indeed very similar.
Prognosis after dissemination
Several retrospective multivariate analyses of metastatic uveal melanoma have been published. The first study proposing staging found that survival fitted best with a model that combined three factors: (1) the performance index as a measure of general health; (2) the largest diameter of the largest metastasis as a measure of gross metastases; and (3) the serum level of alkaline phosphatase as an indicator of hepatic function and unmeasurable metastases. 38 This system, the Helsinki University Central Hospital (HUCH) Working Formulation, divides stage IV uveal melanoma into three subcategories with an expected overall survival: exceeding 12 months (IVa), from 12 to 6 months (IVb), and o6 months (IVc). This division has been validated by the Ophthalmic Oncology Group. The median observed survival among 226 patients was 18.3 months for stage IVa, 10.0 months for stage IVb, and 4.6 months for stage IVc. 39 The single strongest indicator of prognosis in the Working Formulation was the largest diameter of the largest metastasis, 38 which was incorporated into the current TNM anatomic classification (Figure 1e ). 9 It divides systemic metastases into three categories: largest diameter of the largest metastasis up to 3 cm (M1a), from 3.1 to 8 cm (M1b), and larger than 8 cm (M1c).
Conjunctival melanoma
The TNM system for conjunctival melanoma has changed radically between editions, reflecting uncertainty as to the best way of classifying this tumour. 2,3,9 The current system was unvalidated when published, but was recently shown to correlate with survival and, especially, with local recurrence. 40, 41 In particular, T1 tumours differed from those of a higher T category. 41 
Prognosis of the primary tumour
Clinical prognostication Institution- 42, 43 and populationbased [44] [45] [46] retrospective studies have consistently shown that the location and size of the primary conjunctival melanoma are strong and independent predictors of prognosis. Primary tumours located at the limbus, their most common site, or displaced to the cornea 47 carry a better prognosis than tumours in the bulbar, caruncular, and palpebral conjunctiva. These studies do not agree on the best cutoff points for categorising tumour size, but favour thickness over diameter as the best criterion. The current clinical TNM classification (Table 4) is based on location of the primary tumour and invasion of adjacent structures (Figures 1f and g ). 9 No other clinical feature has been consistently associated with prognosis of primary conjunctival melanoma. However, recurrence worsenes the prognosis Table 3 Overview of the classification of malignant ciliary body and choroidal melanoma in the seventh edition of the TNM classification 9 Size category, see Figure 1a Tumour extension outside the choroid Prognostication in eye cancer T Kivelä and E Kujala independent of the characteristics of the antecedent primary tumour. 42, 45 This highlights the importance of radical surgery combined with adequate adjuvant therapy such as topical mitomycin or brachytherapy. Adjuvant treatment is especially important in the presence of adjacent intraepithelial disease, variously designated primary acquired melanosis, or melanoma in situ. 48 Following the advent of sentinel lymph node biopsy in assessing prognosis of cutaneous melanomas, such a procedure has also been considered for patients with conjunctival melanoma. 49 It is not yet known whether sentinel node biopsy influences the outcome, so that this procedure is mostly viewed as a prognostic one. A population-based analysis suggested that lymph node metastasis is not frequent enough to justify a sentinel node biopsy if the primary tumour is limbal and o2 mm in thickness (Figures 1f and g ). 50 Indeed, a positive biopsy so far has not been reported if both these criteria were met. 51 Histopathological and genetic prognostication Although many histopathological featuers of conjunctival melanoma have been associated with prognosis in retrospective studies, none has been consistently and independently verified after taking into account the location and the size of the tumour. 52 The current pTNM system 9 relies on tumour thickness and invasion of substantia propria, setting cut-points at 0.5 and 1.5 mm (Table 4) . Genetic prognostic markers are not available.
Prognosis after dissemination
Several small series suggest that overall survival is longer if initial metastases are found in regional lymph nodes rather than systemically, 50 especially when the regional metastases are resectable. This is consistent with the theory that such regional metastasis would represent an earlier stage, which might in some instances be curable. The current TNM system uses only categories N1 and M1 to indicate the presence of any regional or systemic metastasis, respectively.
By and large, conjunctival melanomas resemble their cutaneous counterparts in epidemiology 45 and behaviour. The classification of cutaneous melanoma divides regional lymph node metastases into three categories according to the number of nodes involved, and categorises systemic metastases by the tissues involved and by the serum lactate dehydrogenase level. 9 
Retinoblastoma
Prognostication for retinoblastoma has two aims: (1) to predict the chances of saving the eye and vision and (2) to predict survival. Because retinoblastoma is rare and its treatment is typically centralised, only a brief outline of the general principles is provided below. Eye
Prognosis of the eye and vision
For decades, the prognosis of an eye with retinoblastoma has been asssessed with the Reese-Ellsworth classification. Although still used in the recent literature to allow comparison with older publications, this classification has become outdated. It was developed at a time when the main treatment options were enucleation, external beam and plaque radiotherapy, cryocoagulation, and photocoagulation. The introduction of chemoreduction and thermotherapy required a new classification, known alternatively as the ABC or International Classification, which exists in several variants. 53, 54 As reviewed elsewhere, they divide intraocular retinoblastoma into five categories A to E based on anatomic extent (Figure 1h ). 55 A mnemonic devised by Carol and Jerry Shields helps memorisation of the main categories and may be useful to residents and paediatric ophthalmologists who do not manage retinoblastoma themselves. Group A refers to eyes with small tumours located 'away' from the optic disc and foveola; group B with 'bigger tumours'; group C with 'confined seeding close to the tumour'; group D with 'diffuse seeding', and group E with 'extensive disease'. According to recent estimates, the chances of saving the eye range from almost 100% for group A to 48% for group E. 54, 56 The management of retinoblastoma continues to evolve, and these figures are still likely to improve over time.
The TNM system for retinoblastoma 9 is based closely on the international classification, but has so far not been widely used in the literature. Category T1a largely corresponds with group A, categories T1b and T1c with group B (Figure 1h ), category T2a with group C, category T2b with group D, and category T3a and T3b with group E. Category T4 subdivisions correspond to extraocular disease, which is not covered in the international classification. The N categories differentiate between regional (N1) and distant (N2) lymph node metastasis, and the M1 category is subdivided based on the sites of systemic metastases.
Prognosis for survival
The life prognosis of children with retinoblastoma depends on whether or not the tumour has spread extrasclerally and whether it has metastasised. The spread to orbit can take place anteriorly through aqueous outflow passages or posteriorly through massive invasion of the choroid and postlaminar invasion of the optic nerve, characteristics that are implemented in the pathological pTNM classification. 9 Corresponding survival figures are not yet available.
No TNM staging is currently implemented for retinoblastoma. An independent International Staging is in use, however, which divides patients into stage 0 (treated conservatively), stage I (enucleated, without residual tumour), stage II (enucleated, microscopic residual tumour), stage III (orbital or regional lymph node extension), and stage IV (systemic metastasis or central nervous system extension). 57, 58 Children with hereditary retinoblastoma have a 4% risk of developing an ectopic primitive intracranial neuroblastic tumour, known as trilateral retinoblastoma, 59 and are also prone to second cancers later in life. Currently, it is not possible to predict whether such tumours will develop, even when the exact mutation of the retinoblastoma gene is known.
Ocular adnexal lymphoma
The novel TNM classification of ocular adnexal lymphoma, which defines more precisely than ever before the anatomical location and extent of the tumour, as well as involvement of regional lymph nodes and structures, such as the parotid gland, has been reviewed in detail elsewhere. 7 The future of the TNM systen
The TNM system has periodically become under attack 1,9 because of progress in molecular and genetic prognostication of cancer and the advent of computerised multivariate analyses, which allow easy entry of clinical, histopathological, biochemical, and genetic data to produce an individualised survival estimate. The best systems, like the Liverpool Uveal Melanoma Prognosticator Online, 60 even return relative survival estimates. This method compares survival between similar cancer patients and matched general population and so obviates the need to determine the actual cause of death, which is not always known with certainty. In addition, it takes simultaneously into account competing causes of death similar to cumulative incidence analysis, 37 unlike traditional Kaplan-Meier and Cox analyses.
Advocates of the TNM system have responded by including limited non-anatomic factors into stage groupings, 1 and by encouraging cancer registries to collect not only TNM classification data but also histopathological, biochemical, and genetic prognostic factors. 9 The TNM system may also be used to stratify tumours after prognostication based on biochemistry or genetics. For example, the prospective data collected for validation of gene expression profiling of uveal melanoma 36 indicates that 7% of class 2 tumours of stage I metastasised during follow-up as compared with 27% of stage II and 32% of stage III melanomas, presuming that all metastases would have derived from class 2 tumours (in practice, three patients with metastases had a class 1 melanoma). Thus, the TNM stage seems to enhance gene expression profiling by indicating not only if symptomatic metastases will occur but also when dissemination is likely to develop.
Those who maintain that other prognostic factors should complement rather than replace the TNM classification are likely to be correct.
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